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CHANGE LOG
DATE SECTIONS CHANGED REASON FOR REVISION
CHANGE
8/14/13 Section 6.1.1 Update Version 3.5
* Added type “PRC” to list of RDR products for filename
field “prodid”.
Appendix A
* Added keyword SUN_VIEW_DIRECTION.
Appendix F

* Added description for keyword
SUN_VIEW_DIRECTION.

9/14/13 | Section 4.2.4.2 Update Version 3.5
* Added text updating NavMap EDR description.
Section 5.2.1.9
* Added text clarifying the meaning of DN “0” in Arm
Reachability products.
Section 5.4
* Added text introducing concept of “shared” PDS label
for four Mosaic files, with reference to new Appendix
example.
Appendix B
* Added this Appendix as example Mosaic RDR
detached PDS label.

3/2/14 Sections 5.2.1.5 & 5.3.1 & 6.1.1 Update Version 3.5
* Added “RNM" and as 3-char RDR product type.
8/13/14 Section 1.3 Update Version 3.5

¢ Added “MER ICER User Guide” as reference.

Sections 5.2.1.5 & 5.3.1 & 6.1.1
* Added “ZZ0” and as 3-char RDR product type.

Section 5.2.1.4.1
* Added this new section to describe Rover Mask RDR.

Appendix A
* Updated columns for Mosaics to be “p” for keyword
PRODUCT_VERSION_ID to reflect “only present in
detached PDS labels”.
* Added Object “CCAM_SOH_EDR_ANCILLARY” to
Chemcam EDR label.
* Added STEREO_BASELINE as Ops keyword.

Appendix D
* Updated “CCAM_SOH_ANCIALLARY” FMT file.
* Added “CCAM_SOH_EDR_ANCIALLARY” FMT file.

Appendix F

* Updated definition for keyword
PRODUCT_VERSION_ID.

» Updated definition for keywords
INST_CMPRS_SEGMENT_QUALITY and
INST_CMPRS_SEGMENT_STATUS.

» Added keyword STEREO_BASELINE.
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DATE SECTIONS CHANGED REASON FOR REVISION
CHANGE
Appendix G
* Added keyword STEREO_BASELINE.
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APID
APSS
ASCII
ATLO
CAHV
CAHVOR
CAHVORE
CCD
CCBU
CcCMU
ChemCam
CHIMRA
CNES
CODMAC
Ccsv

DEA
DEM

DN

DOY

DP

DPO

DRT

DTE

DVT

EDL

EDR
EHA

EM

EMD
EPDU
ERT

FDD

FEI
FGICD
FM

FOV

MSL Camera & LIBS EDR / RDR Data Products SIS, Version 3.5 3682-S1S-SCI006-MSL

ACRONYMS AND ABBREVIATIONS

Application Process ldentifier

Activity Planning and Sequencing Subsystem

American Standard Code for Information Interchange
Assembly, Test, Launch and Operations

Center, Axis, Horizontal, Vertical (camera model)

Center, Axis, Horizontal, Vertical, Optical, Radial (camera model)
Center, Axis, Horizontal, Vertical, Optical, Radial, Entrance (camera model)
Charged Coupled Device

Chemistry Camera Body Unit

Chemistry Camera Mast Unit

Chemistry Camera

Collection and Handling for Interior Martian Rock Analysis
Centre National d'Etudes spatiales (French Space Agency)
Committee on Data Management and Computation
Comma-separated-value

Digital Electronics Assembly

Digital Elevation Map

Digital Number

Day of Year

Data Product (telemetry)

Data Product Object

Dust Removal Tool

Direct to Earth

Data Validity Time

Entry, Descent and Landing

Experiment Data Record

Engineering, Housekeeping & Accountability (EH&A)
Engineering Model

Earth Metadata file (“.emd”)

End-of-Product PDU

Earth Received Time

Functional Design Document

File Exchange Interface

Flight-Ground ICD

Flight Model

Field of View



JPL D-38107

FPGA
FSW
GSFC
GDS
GSE
Hazcam
HGA

IC

ICD
ICER

ID

IDPH
IFOV
ILUT
IPE
IRAP
ISIS

IVP
JPEG
JPL
LANL
LIBS
LOCO
MAHLI
MARDI
MastCam
MER
MIPL
MMM
MOS
MPCS
MPDU
MPF
MS
MSL
MSLICE
MSSS
NASA
Navcam
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Field Programmable Gate Array

Flight Software

Goddard Space Flight Center

Ground Data System

Ground Support Equipment

Hazard Avoidance Camera

High Gain Antenna

Inlets Cover

Interface Control Document

Image compression algorithm (not an acronym)
Identification

Image Data Product Header

Instantaneous Field of View

Inverse Lookup Table

Integrated Planning and Execution (MS element)
Institut de Recherche en Astrophysique et Planétologie
Integrated Software for Imagers and Spectrometers
Inertial Vector Propagation

Joint Photographic Experts Group (compression)
Jet Propulsion Laboratory

Los Alamos National Laboratory

Laser-Induced Breakdown Spectrometer (ChemCam)
LOw-COmplexity, LOssless COmpression

Mars Hand Lens Imager (MSSS)

Mars Descent Imager (MSSS)

Mast Camera (MSSS)

Mars Exploration Rover

Multimission Instrument Processing Laboratory
MastCam, MAHLI, MARDI (MSSS cameras)
Mission Operations System

Mission data Processing and Control Subsystem
Metadata Protocol Data Unit

Mars Pathfinder

Mission System

Mars Science Laboratory

MSL Operations InterfaCE

Malin Space Science Systems

National Aeronautics and Space Administration
Navigation Camera

Xi
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ODL
OoDS
OPGS
PDS
PDU
PPDU
PRT
PSDD
RA
RCE
RDR
RMI
ROI
RSM
RTO
RSVP
SAPP
SCID
SCLK
SCM
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SIS
SOH
SOL
SOWG
SPaH
SPICE
SRAM
SwRI
TBD
TDS
UDR
USGS
VvCID
VICAR
WEB
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Object Description Language

Operations Data Store

Operations Product Generation Subsystem
Planetary Data System

Protocol Data Unit

Product Data Protocol Data Unit

Platinum Resistance Thermometer
Planetary Science Data Dictionary

Robotic Arm

Rover Compute Element

Reduced Data Record

Remote Micro-Imager (ChemCam)

Region of Interest

Remote Sensing Mast

Real Time Operations (MS element)

Rover Sequencing and Visualization Program
Surface Attitude, Positioning and Pointing
Spacecraft ID

Spacecraft Clock

Spacecraft Configuration Manager
Standard Format Data Unit

Software Interface Specification

State of Health (ChemCam)

Mars Solar Day

Science Operations Working Group
Sample Processing and Handling
Spacecraft, Planet, Instrument, C-matrix, Events kernels
Static Random Access Memory

Southwest Research Institute

To Be Determined

Telemetry Delivery Subsystem
Unprocessed Data Record

United States Geological Survey

Virtual Channel Identifier

Video Image Communication and Retrieval
Warm Electronic Box
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1. INTRODUCTION

1.1 Purpose and Scope

The purpose of this Data Product Software Interface Specification (SIS) is to provide consumers of
MSL instrument Experiment Data Record (EDR) and Reduced Data Record (RDR) data products with
a detailed description of the products and how they are generated, including data sources and
destinations. Content in this document supports EDR and RDR data products generated by the
Operations Product Generation Subsystem (OPGS) for the following instruments:

* Engineering Camera instrument suite:
a. Navigation Cameras (Navcams)
b. Hazard Avoidance Cameras (Hazcams)

* Chemistry Camera (ChemCam) instrument suite:
a. Remote Micro-imager (RMI) camera
b. Laser-Induced Breakdown Spectrometer (LIBS)

Note: The non-imaging LIBS instrument is included in this SIS because ChemCam science
activities intertwine RMI imaging with LIBS spectra acquisition in the same general
timeline. RMI imaging provides geomorphological context to the LIBS data. As a
result, a portion of each instrument’s data product metadata is common in context with
the other, and it is convenient to describe all here in a single document.

Note: The ChemCam EDR data processing also includes extraction of specific state-of-health
(SOH) metadata into a separate EDR.

* Malin Space Science Systems (MSSS) instrument suite:
a. Mast Camera (Mastcam)
b. Mars Hand Lens Imager (MAHLI)
c. Mars Descent Imager (MARDI)

Note: For convenience, the above instruments are often referred to in triplet as “MMM”.

The users for whom this SIS is intended include OPGS, the Activity Planning and Sequencing
Subsystem (APSS), users and developers of Science Operations Analysis Software (SOAS), member
scientists of the project’s Science Operations Working Group (SOWG) who will analyze the data, and
other scientists in the general planetary science community.

In this document, the EDR data product is the raw, uncalibrated, uncorrected image data acquired by
the MSL instrument. It may include decompression if there was data product compression performed
onboard the rover by the instrument. Within the group of camera instruments, the full frame image
EDR data products are identical in format, except for some product label differences. The LIBS
spectrum EDR is of a different format than the image EDR, with a portion of the product label identical
in label items to the image product.

The RDR data products described in this document are limited to camera instruments only, and are
derived directly from one or more image EDR or image RDR data product(s). They are comprised of
radiometrically decalibrated and/or camera model corrected and/or geometrically altered (including
reprojected) versions of the raw camera data.
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1.2 Contents

This Data Product SIS describes how the EDR data product is acquired by the MSL instrument and
how it is processed, formatted, labeled, and uniquely identified, and how the image RDR data product
is derived from image EDR or image RDR data products. The document discusses standards used in
generating the product and software that may be used to access the product. The EDR and RDR
data product structure and organization is described in sufficient detail to enable a user to read the
product. Finally, examples of composite EDR/RDR labels are provided, along with the definitions of
the keywords in the label.

1.3 Constraints and Applicable Documents

This SIS is meant to be consistent with the contract negotiated between the MSL Project and the
MSL Principal Investigators (PIl) for the Engineering cameras and ChemCam instrument suite in
which reduced data records and documentation are explicitly defined as deliverable products. By
agreement with the MMM instrument PI, products generated by OPGS from MMM data processing
will be deliverable to the Project only in a backup capacity and will not be archived to the Planetary
Data System (PDS). Because this SIS governs the specification of data products used during
mission operations, any proposed changes to this SIS must be impacted by all affected software
subsystems observing this SIS in support of operations (e.g., APSS, OPGS, SOAS).

Product label keywords may be added to future revisions of this SIS. Therefore, it is recommended
that software designed to process EDRs and RDRs specified by this SIS should be robust to (new)
unrecognized keywords.

This Data Product SIS is responsive to the following MSL documents:

1. Pointing, Positioning, Phasing & Coordinate Systems (3PCS), “Volume 17, Santi Udomkesmalee,
MSL-376-1297, JPL D-34642, May 29, 2007.

2. Mars Science Laboratory Surface Attitude, Positioning, and Pointing Functional Design
Description (FDD), Steve Peters, MSL-376-1089, JPL D-34217, December 13, 2010.

3. Mars Science Laboratory Surface Engineering Camera Imaging Functional Design Description
(FDD), Justin Maki, MSL-375-1083, JPL D-34213, December 15, 2009.

4. Mars Science Laboratory Surface ChemCam Functional Design Description (FDD), “Baseline
Release, Revision B”, Noah Warner, MSL-375-1231, JPL D-34221, December 6, 2010.

5. Mars Science Laboratory Surface MARDI/Mastcam/MAHLI (MMM) Functional Design Description
(FDD), “Baseline Release, Rev A”, Justin Maki, MSL-375-1744, JPL D-38155, January 19, 2010.

6. Mars Science Laboratory Flight-Ground Interface Control Document (FGICD), “Volume 1,
Downlink Update Release Version 2.2.1”, Sanford Krasner, JPL D-27356, MSL 232-0219, July 21,
2010.

7. Mars Science Laboratory Surface ChemCam Interface Control Document (ICD), “Revision A”,

Elisabeth Morse, MSL-336-0315, JPL D-27360, January 12, 2008.

MSL Archive Generation, Validation, and Transfer Plan, J. Crisp, JPL D-35281, May 28, 2010.

MSL Real Time Operations (RTO) Element Data Management Plan, G. Smith, JPL D-65858,

March 2, 2011.

10. Mars Science Laboratory PLACES User Guide, “Release 2.0, Rev-B”, Bob Deen, MSL-586-3653,
JPL D-71121, August 8, 2011.

8.
9.

Additionally, this SIS is also consistent with the following Planetary Data System documents:

11. Planetary Science Data Dictionary Document, Version 1.81, November 24, 2010.

2
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12. Planetary Science Data MSL Local Data Dictionary, Version 1.0, January 15, 2013.

13. Planetary Data System Archive Preparation Guide, Version 1.4, JPL D-31224, April 1, 2010.

14. Planetary Data System Data Standards Reference, JPL D-7669, Version 3.8, Part 2, February 27
2009.

15. MSL ChemCam Science Team and PDS Geosciences Node Interface Control Document (ICD),
S. Slavney and D. DelLapp, Version 2.0, May 14, 2007.

16. MSL MAHLI, MARDI, Mastcam Science Team and NASA PDS Imaging Node Science Data
Archiving Interface Control Document (ICD), E. Jensen, Version 1.1, September 27, 2011.

17. MSL Experiment Data Record (EDR) and Engineering Cameras Reduced Data Record (RDR)
Archive Volume Software Interface Specification (SIS), R. Alanis, JPL D-64995, Version 1.0 Draft,
September 6, 2011.

Finally, this SIS makes reference to the following documents for technical background information:

18. A System for Extracting Three-Dimensional Measurements from a Stereo Pair of TV Cameras, Y.
Yakimovsky and R. Cunningham, January 7, 1977.

19. Camera Calibration, D. Gennery, JPL IOM 347/86/10, February 5, 1986.

20. Sensing and Perception Research for Space Telerobotics at JPL, D. Gennery et al., Proceedings
of the IEEE Intern. Conf. on Robotics and Automation, March 31 - April 3, 1987.

21. Camera Calibration Including Lens Distortion, D. Gennery, JPL D-8580, May 31, 1991.

22. Algorithm for Using CAHV to Determine SGI Graphics Viewpoint and Perspective, B. Bon, JPL
IOM 3472-91-057, August 6, 1991.

23. Inclusion of Old Internal Camera Model in New Calibration, D. Gennery, JPL IOM 386.3-94-001,
February 22, 1994.

24. “Least-Squares Camera Calibration Including Lens Distortion and Automatic Editing of Calibration
Points”, Calibration and Orientation of Cameras in Computer Vision, D. Gennery, ISBN 3-540-
65283-3, 2001.

25. Computations for Generalized Camera Model Including Entrance, Part 1 and Part 2, D. Gennery,
unpublished, May 23, 2001.

26. Generalized Camera Calibration Including Fish-Eye Lenses, D. Gennery, JPL D- 03-0869, 2002.

27. Issues with Linearization, R. Deen, JPL Docushare Collection 2700, File 75670, 2003.

28. Mastcam Multispectral Imaging on the Mars Science Laboratory Rover: Wavelength Coverage
and Imaging Strategies at the Gale Crater Field Site, J.F. Bell lll et al., 43" Lunar and Planetary
Science Conference, 2012.

29. Anderson, R.C., et al., Mars Science Laboratory Participating Scientists Program Proposal
Information Package, December, 14, 2010.

30. Deen, R.G. and J.J. Lorre (2005), Seeing in Three Dimensions: Correlation and Triangulation of
Mars Exploration Rover Imagery, submitted to 2005 IEEE International Conf. on Systems, Man,
and Cybernetics, Waikoloa, Hawaii.

31. Mars Exploration Rover (MER) Project ICER User’s Guide, Aaron Kiely, MER 420-8-0538, JPL D-
22103, January 5, 2004.
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1.3.1 Relationships with Other Interfaces

Changes to this EDR/RDR data product SIS document affect the following products, software, and/or
documents.

Table 1.3.1 - Product and Software Interfaces to this SIS

Type
Name P = product Owner
S = software
D = document

MIPL database schema P MIPL (JPL)
MSLEDRGEN P MIPL (JPL)
MSL Camera and LIBS EDRs P MIPL (JPL)

* Navcam

* Hazcam

e ChemCam
Navcam RDRs P MIPL (JPL)
Hazcam RDRs P MIPL (JPL)
ChemCam RDRs S ChemCam Team (IRAP in France)

* RMI
RSVP S RSVP Dev Team (JPL)
MSLICE S MSLICE Dev Team (JPL)
Mars Program Suite S MIPL (JPL)

* MARSCAHV

* MARSRAD

* MARSJPLSTEREO

* MARSCOR3

* MARSXYZ

* MARSUVW

* MARSRANGE

* MARSREACH

* MARSROUGH

* MARSMAP

* MARSMOS

* MARSMCAULEY
* MARSNAV

* MARSTIE

* MARSINVERTER
* MARSDEBAYER
* MARSBRT

* MARSERROR

* MSLFILTER

* MARSFILTER

* MARSMASK

* MARSDISPCOMPARE
* XVD

* CRUMBS
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2. INSTRUMENT OVERVIEW

In this section, overviews are provided for the three MSL instrument payload suites mentioned in the
previous section: a) Engineering Camera instrument suite, b) ChemCam instrument suite, and c)
MMM Camera instrument suite. Largely, the instruments described in this SIS are cameras, with the
exception being the LIBS spectrometers in the ChemCam instrument suite. The LIBS instruments
are included in this SIS based on some shared commonality in metadata with the RMI camera, a
result due to the manner in which RMI images are used to document LIBS laser events.

The MSL rover instrument payload includes 17 individual cameras. The main differences between
these instruments are in the optics, mounted position, and articulation methods. The cameras are
monochromatic, except for the color-capable Mastcam. The engineering cameras (Navcam,
Hazcam), share the identical electronics design and spacecraft interfaces. In these cases, the
detectors are 1024x1024 pixel CCDs, and the electronics provide 12-bit analog-to-digital conversion.
Of the 17 cameras, there are 4 sets of stereo pairs and three single cameras, as listed in Table 2a
below.

Table 2a - Tabulation of MSL Cameras

MSL Camera Instrument 